This paper describes two experiments concerning the effects of variations in lighting quality on office worker performance, health, and well-being. Experiment 1 had four experimental conditions: a regular array of fully direct recessed parabolic luminaires; direct/indirect luminaires with no control; direct/indirect luminaires with a switchable desk lamp; and, workstation-specific direct/indirect luminaires with control over the direct portion. Experiment 2 contrasted two conditions with no individual lighting control: a regular array of recessed prismatic lensed luminaires, and suspended direct/indirect luminaires. Participants considered the direct/indirect systems to be more comfortable than the direct-only systems, with a further increase in comfort associated with individual control in Experiment 1. There were no simple main effects of lighting quality on the performance of any task, although the expected changes in performance associated with task visibility, practice, and fatigue were found. Interactions between lighting quality and time suggested that having a degree of individual control of lighting tended to maintain motivation and vigilance over the day.
Introduction
Studies of the optimum lighting conditions for offices have resulted in a fair understanding of the lighting conditions necessary to achieve high levels of visual performance and to avoid visual discomfort. 1, 2 Lighting practitioners have adopted this knowledge, making it rare today to find offices lit in such a way that either visual performance is limited or extreme visual discomfort occurs.
However, all is not well in the world of office lighting. It is all too easy to find offices that are perceived to be gloomy and uninteresting, which has been the impetus behind the burgeoning research into lighting quality. 3 Á 5 This approach emphasizes lighting for the broad range of human needs. This paper describes two experiments done to determine to what extent different levels of lighting quality, as understood by lighting designers, affect the performance, health and well-being of office workers in midlevel North American offices. Additional details concerning the experiments are available in the complete project report. 6 The two experiments were designed to test a set of connected hypotheses about the effects of luminance distribution (created by varying the luminaires), non-task surface luminance (varied by changing the reflectance and colour of the cubicle surfaces) and control over lighting on various behavioural outcomes. This set of hypotheses proposes a set of causal mechanisms that are believed to underlie the predicted effects, in a form that Wyon has called a linked mechanisms map. 7 Figure 1 shows the linked mechanisms map developed for the field simulation experiments reported here. The rationale behind this linked mechanisms map is as follows:
. Changing the luminous conditions in an office can immediately affect office workers in three ways: by changing visual capability; 1 by changing visual comfort; 8 and, by changing the perception (appraisal) of the conditions. 9 . These three aspects interact over time. For example, luminous conditions that cause visual discomfort or distraction will, over time, affect visual capability and the appraisal of the conditions. Similarly, luminous conditions that limit visual capability will, over time, affect visual comfort. . Visual capabilities have a direct effect on task performance. 1, 10, 11 They also affect the perception of competence to do the task and hence the motivation to do the task. . Visual comfort has an indirect effect on mood and, through mood, an effect on feelings of health and well-being (although it could also be considered a form of wellbeing in itself). . Lighting conditions are appraised against expectations to determine whether the office worker likes or dislikes the luminous conditions (preference) and this, in turn, leads to an effect on mood. 12, 13 . Mood directly affects feelings of health and well-being. Mood and the perception of competence together affect the motivation to do the task and hence task performance. 12, 14 . Finally, giving an office worker personal control directly affects their mood and feelings of competence to do the task, even if the control is little used. 15, 16 Figure 1 Linked mechanisms map hypothesized to link luminous conditions with health, well-being, and performance 2. Experiment 1
Method

Setting
The setting was a 239 m 2 air-conditioned office in downtown Albany, New York, which included space for nine modular partitioned cubicles, a conference room, a break area, an enclosed office for research staff, washrooms and a small kitchen. Rectangular windows fitted with beige perforated fabric blinds in the cubicle area, the conference room, and at the end of the hallway permitted a view out, but almost eliminated daylight as a light source in the cubicle area. Surface reflectances are shown in Table 1 . Figures 2 and 3 show a general view of the cubicle area.
The cubicles were square in plan of 2.28 m side. The heights of the panels forming the cubicles were either 1.67 m or 1.37 m. The L-shaped grey work surface in each cubicle was positioned 0.75 m above the floor (see Figure 4 ). A 0.43 m (diagonal screen dimension) CRT computer monitor was set at the angle of the L-shaped work surface, with the CPU on the floor below the work surface and the keyboard and mouse resting on a retractable shelf. The monitors were not identical, but all had the same performance characteristics. The tilt angle of each monitor was set to 128 from vertical each morning, and participants were asked not to move it. On one side of the monitor was a document holder. Completing the furnishing in each cubicle was a wheeled and padded chair of adjustable seat height, adjustable back position, and adjustable arm location.
Experimental design
Experiment 1 used two research designs in parallel, which are shown in Table 2 along with the numbers of participants in each experimental condition. The between-groups research design was a 4 )/2 (Lighting Condition)/Panel Reflectance) factorial experiment. Each participant whose data were analysed in this design participated once only; each was randomly assigned to one of the eight experimental conditions. This research design controlled for the effect of participant expectancies formed as individuals gained knowledge about the purposes of the study. The repeated measures research design allowed a partial replication by collecting some data for which each individual could serve as his or her own control. In this design, a subset of the between-groups participants returned to experience a second lighting condition on another day. The data from their second visit was compared in repeated measures analyses to the data from their first visit. Random assignment to the between-groups lighting conditions was achieved by randomly scheduling lighting conditions to testing days. Participants were randomly assigned to cubicles in the between-groups design (subject to the need to have equal numbers experiencing both reflectance panels), and kept the same cubicle assignment if they returned for the repeated-measures design.
Independent variables
Non-task surface luminance. Non-task surface luminance was varied by changing the fabric of the cubicle panels facing the occupant (behind the computer monitor). Five of the nine cubicles were grey with a reflectance of 0.30 (labelled light), and four were dark blue with a reflectance of 0.05 (labelled dark). This was the widest range of reflectances we could achieve with available materials. Lighting manipulations. Four different lighting installations were compared. The choice of lighting installations and their labelling was based on extensive advance consultation with lighting researchers, manufacturers, and designers as part of the project development process. All were designed to be representative of current office lighting practice in North America for a mid-level office. One of the authors, an IALD member with extensive office lighting experience, served as the lighting designer for this project; further, the four installations were reviewed by a panel of expert lighting designers before the experiment proceeded, to ensure that they were within the range of current practice and were suitable exemplars of the intended concepts. The implied gradation in lighting quality is consistent with previous research. 4 The four lighting installations are summarized in Table 3 and described briefly here:
Base Case 1: Designed to represent the most common approach to office lighting in use today, it consisted of a regular array of recessed, parabolic-louvered luminaires ( Figure 2 and Table 3 ).
Best Practice 1: The design team considered this the solution that would be the best practice for this type of office, providing a similar illuminance on the working plane as the Base Case 1 installation but brighter walls and ceiling and with reduced shadows and veiling reflections. The basic design solution was a suspended direct/indirect luminaire ( Figure 3 and Table 3 ).
Best Practice 1 with switching control: In this installation, the lighting of the hallway, conference room, and cubicle area was the same as in the Best Practice 1 lighting except that each cubicle was fitted with a freestanding desk lamp with a translucent shade ( Figure 4 and Table 3 ), which the occupant was free to operate by changing the setting of the switch at any time. The lamp was set to 26 W at the start of the day.
Dimming control: This condition provided greater control over workstation lighting to the occupant, while maintaining adequate ambient illuminance. Each cubicle had centered over it a suspended direct/indirect luminaire ( Figure 5 and Table 3 ). The indirect component (1 lamp) operated at a fixed level, and the occupant could change the level of the direct portion of the luminaire output at any time using an interface on the computer in the workstation. The initial level was set to 50%.
Photometric conditions. Table 4 shows the mean illuminances provided by the four lighting installations on the work surface, on the monitor screen, on the keyboard, and at the participant's eyes, in the cubicles with the light and dark panels. Ranges (minimum to maximum) are provided for conditions with a degree of control.
The computer monitors were all set up to have a similar background colour. The screen luminance of a blank white screen display, in the absence of any lighting in the room, was 120 cd/m 2 .
Participant characteristics
The participants were recruited from an office temporary services agency, and paid at the agency rate for each day they worked. They were all over 18 years of age and were required to have experience with Windows TMbased word processing and spreadsheet software and a minimum typing speed of 30 words per minute. A total of 181 participants (69 male and 112 female, mean age0/32 years) provided valid data, of whom 45 (13 male and 32 female, mean age0/32 years) also returned for a second session. The repeated measures subset differed from the full between-groups sample for every demographic variable except years in the workforce and years as a temporary worker: The people who completed a second session included a higher proportion of women, a lower proportion of people aged 40Á49, more contact lens wearers, and fewer people with only a high school diploma, than the between-groups sample. (Complete details of the sample are available in the full report. 6 ) 2.1.5 Dependent measures and procedure Daily procedure. The tasks and questionnaires were structured to fill a full working day interrupted by the usual coffee and lunch breaks. The activities undertaken by the participants during the day are listed in chronological order in Table 5 and described below. Note Although more participants in the repeated measures design saw Dimming Control first, the distribution is not significantly skewed, and the design may be considered to be counterbalanced (x 2 (1)0/1.1, P!/0.05). Participants arrived at the site between 8:30 a.m. and 9:00 a.m. each day in same-sex groups of 3Á9 people. Sessions were either composed entirely of people who were in the between-groups experiment (ie, on their first visit), or of people who had returned for a second day as part of the repeated-measures experimental design. This ensured that all the between-groups participants had the same starting level of knowledge about the experiment, and could not acquire extra knowledge from a repeating participant in the same group.
The first session, from 8.30 a.m. to 10.00 a.m., was primarily used for collecting demographic and current state information from the participants and for training the participants in the tasks. Subsequent sessions involved performance on a mixture of visual and cognitive tasks, with participants working as individuals or in a group. Several of the tasks and surveys were repeated so that changes over time could be examined. Measurements of perceptions and feelings. Each concept in the linked mechanisms map was represented among the dependent variables (DVs), some by more than one DV. Details of the DVs are provided in the full report. 6 Perceptions and feelings included:
. Appraisal: There were two tools for appraising the lighting. The Office Lighting Survey 17 consists of 10 questions in agreeÁ disagree format. The NRC lighting quality scale 18 is a set of Likert-scaled items that produces separate scores for Lighting Quality (0Á4, higher values indicating higher lighting quality) and Bothersome Glare (0Á4, higher values indicating more bothersome glare) ratings. . Preferences: Participants rated the room appearance using 27 semantic differential ratings based on Flynn et al. 4, 9 These were reduced to four subscales using principal components analysis. The four subscales, all on scales from 0 to 99, were Attractive, Comfortable, Visibility, and Spaciousness; in all cases higher values indicate more preferred conditions.
. Mood: Arousal, pleasure, and dominance were rated using the Mehrabian and Russell 3-Factor Mood Scale, 19 which returns scores for each scale between 0 and 8, in which higher numbers reflect more of the construct. . Competence: Self-rated task competence was the estimate of one's likely performance on one of the cognitive tasks, expressed as the number of trials one expected to 21 which is scored from 0 to 4 (higher values indicate higher environmental satisfaction). A similar approach was used to quantify satisfaction with one's own performance: Self-rated productivity was a single item from Wilson and Hedge, 22 in which individuals rate their performance under these conditions relative to their usual performance, on a scale from (/4 to '/4. Positive scores indicate that these conditions improved their performance relative to their usual performance. Visual discomfort was the total of the intensity ratings for eight symptoms 8 (range 0Á32, higher scores indicate greater discomfort). There was a parallel nine-item scale for physical discomfort (range 0Á36). Participants also rated the difficulty of the various tasks on Likert scales from 0 to 4, with higher scores indicating greater difficulty.
Performance measures. The performance measures were designed to provide quantitative measurements of clerical, cognitive, and visual aspects of work. They were:
. Timed vision test. Participants indicated whether or not they could see the target (a square grating) presented in the centre of the screen; the computer recorded accuracy and speed of performance. Gratings varied in luminance contrast (0Á16 nominal grey levels), spatial frequency, and orientation (scores were averaged over size and orientation). Viewing distance was fixed using a simple chin cup placed in a marked position relative to the computer monitor. The dependent measure was a composite of time and accuracy: total correct identifications/total reaction time. . Motivation. Motivation was conceptualized as the individual's willingness to persist at a difficult or impossible task. 23 The NRC Conveyor Belt task 24 was used to assess motivation. This target identification task was presented at increasing speeds in a series of eight 15-s steps. Participants were instructed to keep trying for as long as possible, but to stop when the task became impossible to keep up with. The outcome measure was the speed at which the participant either ceased to attempt the task (1Á8), or at which responses became random. We assigned a score of 9 to participants who were able to perform this task at the highest speed. For data analysis this score was cubed to improve the normality of the distribution; thus, the final range was 1Á729. . Vigilance. Accuracy of performance on the conveyor belt task at lower speeds was one measure of vigilance or attention. This was expressed as the hit rate: [(hits-false positives)/targets], averaged over the three middle speeds. A second measure of vigilance or attention was the speed with which the participant responded to a random prompt similar to the arrival of an e-mail message. This task could occur at any time during the day apart from when the participants were on a break or when the conveyor belt or typing tasks were running. Vigilance was measured as the time (in seconds) taken to respond to the appearance of a yellow envelope icon announced by a beep. For analysis we transformed this variable using the inverse to improve normality. . Typing task. This task used the NRC Typing Task software 25 to measure the speed of perfectly accurate transcription typing from printed passages on paper. The printed passages were presented in three print sizes (8 point, 12 point and 16 point), all at the same high luminance contrast, done in a random order that differed between work-stations. The dependent measure was correct characters per second. . Cognitive judgements. Participants read 300-word passages on the computer and short summaries of the passage, and were asked to provide ratings of the accuracy of the summary relative to the passage, the grammatical accuracy of the passage, and the quality of the writing. These were all single-item ratings on Likert scales from 0 to 4 (higher values indicating more favourable judgements). We averaged the ratings over the first six passages read in each session. They did a similar task using passages printed on paper, but rated interest, ease of understanding, suitability for publication in a fictitious magazine (all on scales from (/3 to '/3), and likelihood that the group of participants would choose the passage for the magazine (probability, 0Á100). Paper-and computer-based judgements were analysed separately. . Cognitive performance. Work with the passages and summaries provided three measures of speed of work and one of accuracy. Participants were asked to categorize the summaries by topic (politics, sports/entertainment, business and science/ health); the sum of correct categorizations (out of six in a session) was the accuracy measure. This was squared for analysis, giving a possible range of scores from 0 to 36. Speed measures (in seconds) were the speed of categorization; the speed of making cognitive judgements; and the speed of choosing the best sentences to form a summary of a new passage (summary extraction). . Work structure. For the typing, conveyor belt, and summary extraction tasks, the time intervals (in seconds) between completing one part of the task and starting the next were recorded. These were analysed to give an indication of whether or not lighting conditions altered the work strategies of participants, as had been observed in a prior experiment. 26 Social behaviour. We included measures of social behaviour in order to test hypotheses derived from positive affect theory. 12, 27 . Liking for group members. The participants rated the degree of liking for the other group members following a group discussion task in which the group chose lead articles for a fictional magazine for which they role-played being the editorial board. This was the average score of five items, scaled from (/3 to '/3, in which positive values indicate liking and negative values indicate dislike for the others in the group. . Conflict resolution. Five scenarios involving workplace conflicts were presented on paper, each with five alternative responses based on Kilmann and Thomas: 28 accommodation, avoidance, collaboration, co-operation, or competition. For each scenario, the participant was first asked to rate the likelihood that they would adopt each alternative response, the likelihood being given on a 7-point scale from very unlikely to very likely ( (/ 3 to '/ 3). After assessing each alternative response in this way, the participant was asked, without looking back at these answers, to rank order the five alternative responses (1Á5). . Willingness to volunteer. The participants were asked at the end of the day how much time they would be willing to spend completing questionnaires on environmental issues regarding buildings, transportation, and energy conservation, at home, on a scale ranging from 0 to 10 h, and how willing they would be to spend another day like they had just completed (from 0 to 99).
Results*Experiment 1
The general between-groups analysis was a 4 )/2 (Lighting Design)/Reflectance) factorial. For Lighting Design, three orthogonal planned comparisons were tested: Base Case 1 versus Best Practice 1; Best Practice 1 versus Best Practice 1'/Switching Control; and, Best Practice 1 versus Dimming Control. For Reflectance there was one possible comparison, between Light and Dark partitions. All possible interactions of the three Lighting Design planned comparisons and the Reflectance comparison were also examined. The repeated measures analysis was a 2-level (Lighting Design) comparison between Base Case 1 and Dimming Control. Participants who repeated kept the same reflectance on both occasions, making it a between-groups variable. Reflectance was ignored in the repeated measures analysis because it lacked statistical power.
Extensive manipulation checks were conducted to test for possible biases either in the random assignment of participants to conditions for the between-groups comparison or expectancies that might have biased the results. The random assignment appeared to be effective; however, there was evidence that the people who were in the Base Case 1 lighting condition were less likely than people in other experimental conditions to identify lighting as a purpose of the experiment ( Â/20% for Base Case 1, versus Â/40% for the other conditions). This pattern was expected because the Base Case lighting was typical of current office practice, whereas the other lighting conditions were relatively less common. These expectations seem unlikely to have significantly biased the results for the betweengroups comparison, but the possibility that these opinions may have intensified responses for the repeated measures participants on their second visits cannot be ruled out.
There were statistically significant results on measures of perceptions, feelings, and performance, but none for social behaviours. Only key results will be discussed here for reasons of brevity. Detailed results are available in Boyce et al. 6 
Perceptions and feelings
The Office Lighting Survey results for Experiment 1 are shown in Table 6 . The table includes overall significance tests for differences between lighting conditions and, for each individual lighting condition, a significance test against normative data from a sample of over 800 individuals in 13 offices with new or energy-efficient upgraded lighting, all in the upper north-east of the USA. 17 (There were no differences in office lighting survey results as a function of panel reflectance.) Table 6 shows the percentage of agreement with each of 10 statements, for each lighting condition. We used the x 2 test of independence to determine whether the pattern of agreement was the same for the four lighting designs in the between-groups research design (3 degrees of freedom, at the top of the third column for each question), and for the two conditions in the repeatedmeasures design (1 degree of freedom, at the top of the fourth column for each question). We also used x 2 to test, for each lighting condition, to determine whether the percentage of agreement matched the agreement that would be predicted by the normative sample; these are the 1 degree-of-freedom tests associated with each lighting design.
All of the lighting conditions were relatively comfortable: even the Base Case 1 lighting, which was intended to be representative of the majority of present-day office lighting, was rated as comfortable by 71% of respondents in the between-groups design and 82% of the repeated-measures participants. Equally importantly, the participants distinguished between the various lighting conditions, with the strongest distinctions for the repeatedmeasures participants.
The most substantive difference for the between-groups data is between the Base Case 1 and the other conditions. For both overall judgements (questions 1 and 10), the Base Case 1 group responded in a similar way to the normative sample. The percentage agreement that the lighting is comfortable rose for all conditions with direct/indirect systems, and was highest for the Dimming Control group. Similarly, the Base Case 1 condition Lighting quality and office work 203 was judged most similar to other workplaces (question 10) but the other conditions were judged as better than lighting in other workplaces. Base Case 1 lighting was also more likely to be rated as uncomfortably bright or for the luminaires to be too bright. This is consistent with differences between the normative and Base Case 1 light levels: the horizontal illuminance target would have been Â/500 lux for the normative sample rather than the 600 lux for the Base Case 1.
One notable finding is the response pattern for the Best Practice 1'/Switching Control group on question 6, 'Reflections from the light fixtures hinder my work.' A higher-thanexpected percentage of this group agreed with the statement (39%), indicating that reflected images were somewhat of a problem for them. The percentages of agreement for the other groups were all consistent with the normative data (19%). It is not surprising that the Best Practice 1'/Switching Control participants might have found reflected images problematic, as the luminous desk lamp had the potential to cause such reflections, whereas all of the other luminaires were designed to prevent them.
Turning to other measurements of perceptions and feelings, there were few statistically significant differences for the MANOVA and ANOVA analyses of planned comparisons between lighting designs. This is disappointing but not surprising, given the Office Lighting Survey results showing that all the lighting conditions were considered largely acceptable. However, there were statistically significant results for the repeated measures analysis, which showed that the Dimming Control condition was rated as having better lighting quality and higher ratings of environmental satisfaction and self-rated productivity than the Base Case 1 lighting (Table 7) .
There were statistically significant main effects of time on the room appearance judgements, mood, and visual and physical discomfort. These are all consistent with the development of fatigue over the working day. Details are in the full report. 6 Note **PB/0.01; ***PB/0.001. Group descriptive statistics are provided only for the statistically-significant univariate tests. For multivariate tests, the h 2 partial indicator of effect size is the average of all the univariate values. It is the proportion of variance explained, with a range from 0 to 1. of the day, which is consistent with other research. 29 Visual discomfort (on a scale from 0 to 32 where higher values indicate more severe symptoms) went from a mean of 2.34 in the morning (SD 0/2.97) to 4.87 (SD 0/5.02) in the afternoon. Physical discomfort, on a scale from 0 to 36, went from a mean of 2.46 (SD 0/ 2.67) in the morning to 4.65 (SD0/4.55) in the afternoon. These were large effects in terms of explained variance, although the scores always remained low, indicating that in absolute terms people were never very uncomfortable.
The results for this set of DVs may be summarized thus:
. Appraisals of the lighting differentiated between the lighting designs according to expectations. . The experiment was sensitive to known effects of fatigue. . Dimming control can be very satisfactory.
Performance
The experimental design included two nonlighting variables to test that the DVs were sensitive as expected. The source print size for the typing task and the contrast (grey level) for the timed vision test both produced the expected results: Accurate typing was faster when the source text size was larger, and overall pattern of visual performance by contrast had the expected shape. Performance was lowest when the target was just barely visible (a difference of one grey level), and improved rapidly but with diminishing returns for increased contrast, levelling off at a difference of eight grey levels, and improving slightly for a difference of zero grey levels when the uncertainty of response was lower. These effects are expected based on knowledge of visual processes. 2 In addition, performance improved with practice (tested here as the effects of time) on the timed vision test, typing test, and measures of cognitive performance (speed and accuracy). Detailed results are in the full report. 6 Figure 6 is an exemplar of the non-lighting effects, showing the interaction effect of target contrast and time on composite visual performance. Composite visual perfor- mance improved from morning to afternoon, and followed diminishing returns as contrast increased from 1 to 16 grey levels. Moreover, the effect of contrast on composite visual performance was larger in the afternoon than the morning, as indicated by the steeper slope for the linear regression line; this interaction effect was statistically significant (F(1, 172)0/63.75, P B/0.001, h 2 partial 0/0.27). The tests of lighting effects did not show simple main effects of luminance distribution (contrast of Base Case 1 versus Best Practice 1) or panel reflectance on any measure of performance, although there were a few small interaction effects in varying directions. Most of the statistically significant effects involved comparisons related to adding individual lighting control. Only these effects will be discussed here because they form an interpretable pattern over several DVs and are therefore more reliable.
Motivation was assessed as persistence at the NRC Conveyor Belt task, and was measured at three times, once in late morning (session 2) and twice in the afternoon (sessions 3 and 4). There were three statistically significant interaction effects of lighting control on motivation in the between-groups design.
(The repeated-measures design did not show comparable effects, but closer examination of the data revealed that there might have been a selection bias in which the most motivated individuals agreed to participate a second time, which would have masked any effect of lighting control. 6 ) The three statistically significant effects for motivation were:
. Best Practice and Best Practice 1'/Switching Control contrast, interacting with Timelinear trend (F(1, 173)0/4.25, P B/0.05, h 2 partial 0/0.02). Figure 7 shows that the speed of random responding remained stable from session 2 to session 4 for the Switching Control group, but declined over time for the Best Practice 1 group. Post hoc tests confirmed this interpretation. 6 . Best Practice 1 and Dimming Control, interacting with Time-linear trend (F(1, 173)0/6.09, P B/0.01, h 2 partial 0/0.03). As seen in Figure 8 , people with Dimming Control maintained their motivation scores across time, whereas the Best Practice 1 group declined over time. There was no main effect of lighting design, and post hoc tests confirmed that there were no differences between the two groups at any of the three sessions. It appears that the availability of dimming control acts as an inoculation against the drop in motivation that occurs over the working day. . BestPractice1versusDimmingControl)/Reflectance(F(1,173)0/4.82,P B/0.05,h 2 partial 0/ 0.03). Figure 9 shows the interaction. Post hoc tests revealed that the nature of the interaction was a significant difference between motivation levels for Light versus Dark partitions under the Best Practice 1 design, with motivation higher for the people in darker workstations, but no difference in motivation levels for the two partition reflectances under the Dimming Control condition. 6 Vigilance also showed a statistically significant interaction of Best Practice 1 versus Dimming Control by time-linear. The multivariate test (Wilks' L0/0.95, F(2, 149)0/4.22, P B/0.05, h 2 partial 0/0.08) was associated with a significant univariate effect for the hit rate on the medium speeds of the conveyor belt task (F(1, 150)0/8.10, P B/0.01, h 2 partial 0/0.16), and is shown in Figure 10 . The post hoc tests showed that the hit rate for the Dimming Control group increased over time. Although the means for the Best Practice 1 group dropped from sessions 2 to 4, this linear decline was not statistically significant. Performance on the typing task was measured as correct characters entered per second. The between-groups design showed several three-way interaction effects involving lighting conditions and reflectances. These three-way interactions were small and difficult to interpret. Full details are given in the final report. 6 For work structure there was a statistically significant main effect of Best Practice 1 versus Best Practice 1'/Switching Control for the multivariateeffect(Wilks'L0/0.95,F(3, 171) 0/3.31, P B/0.05, h 2 partial 0/0.02) associated with a significant univariate test for the breaks between paragraphs in the typing task (F(1, 173)0/5.30, P B/0.05, h 2 partial 0/ 0.03). People with a switchable desk lamp took shorter breaks (M 0/1.13 s, SD 0/0.24) than those without (M0/1.23 s, SD0/0.28).
The results for the various performance measures may be summarized thus:
. Visibility, practice, and fatigue effects were found as expected. . Individual control over lighting has performance benefits.
Discussion*Experiment 1
Experiment 1 demonstrated that people can discriminate between lighting designs in terms of comfort and in comparison to other office lighting installations with which they are familiar. For example, the Base Case 1 parabolic lighting was considered comfortable by 71% of the participants who experienced it but the Dimming Control lighting was considered comfortable by 91% of those who experienced it. Further, the Best Practice 1 installation was considered comfortable by 85% of subjects.
This experiment also found novel, beneficial effects of individual control on performance involving interactions with the passage of time. Boyce, Eklund and Simpson 30 found no clerical work performance effects associated with having control over lighting, but did not use tasks similar to those that in this experiment showed effects. Veitch and Newsham 18 did not demonstrate lighting control effects on performance using a matched design in which participants with control and those without experienced the same visual conditions. In a within-subjects experiment in which participants had control over lighting for the last session in the working day, participants showed improved satisfaction, mood, and comfort when they had control, but not improved performance. 31 However, Experiment 1 did not deliver dramatic effects of light distribution on performance. Although disappointing, the results are in keeping with other tests of lighting design effects on office work performance. Veitch and Newsham 4 found few performance effects involving planned comparisons between direct and indirect lighting systems, and the effects they observed were of comparable size to the ones found here. 6 Similarly, Eklund et al. 10 found no effects of light distribution on clerical work (data entry and proofreading).
The absence of effects was not a result of inadequate experimental sensitivity, as shown by the findings of expected effects of practice, fatigue, and changing visual demands (contrast and print size). This implies that although the participants did perceive the differences between the lighting distributions, this perception made very little difference to their performance of the tasks. It may be that the performance of the tasks is governed by the stimuli the tasks provide to the visual system and the luminous conditions in the immediate surrounding area, whereas the appraisal of the lighting is influenced by a wider range of considerations, among them being not only the ability to see the details necessary to do the task, but also the appearance of the office as a whole, and the appearance of the fixtures. We further probed this possibility with a replication study, in which we compared two lighting designs selected to provide more extreme, but still realistic, light distributions.
Experiment 2
Method
Setting and furnishings
The setting and furnishings used were identical to those used in Experiment 1.
Experimental design
Experiment 2 was a 2 )/2 (Lighting Condition)/Panel Reflectance) factorial between groups experiment (although there were repeated measures of most tasks over the working day). Table 8 shows the schematic experimental design and achieved sample sizes. Participants were randomly assigned to one of the four experimental conditions.
Independent variables and photometry
The non-task surface luminance was varied, as for Experiment 1, by varying the fabric of the panel that faced the participant behind the computer monitor.
There were two lighting installations for Experiment 2. The comparison was chosen to represent a commonly existing, but not contemporary, installation (recessed lensed troffers, called Base Case 2 [see Figure 11 ]) Figure 3 ]). These are summarized in Table 3 . Table 9 shows the mean illuminances provided by the two lighting installations on the work surface, on the monitor screen, on the keyboard, and at the participant's eyes, in the cubicles with the light and dark panels.
Participant characteristics
The recruitment procedure for participants was identical to that for Experiment 1, with one addition: People who had participated in Experiment 1 were not permitted to participate in Experiment 2. There were 107 partici-pants (42 male, 65 female, mean age0/33 years).
Dependent measures and procedure
All of the procedures and DVs were identical to those in Experiment 1.
Results*Experiment 2
The basic model for MANOVA and AN-OVA tests was a 2 )/2 (Lighting Design )/ Panel Reflectance) factorial design. Extensive checks of the data revealed no evidence of any problems of random assignment to experimental conditions. There was also no evidence of biased participant expectancies in the answers to the end-of-day questions about the purpose of the experiment. Only key results appear here; details are available in the full report. 6 
Perceptions and feelings
The Office Lighting Survey results, based on the afternoon judgements, appear in Table  10 . Base Case 2 was not different in comfort from the norm, with 69% agreeing that 'the lighting is comfortable'. Noticeably more people in the Best Practice 2 condition agreed with this statement (81%), which is comparable to the level achieved by the Best Practice 1 condition in Experiment 1 (85%). The Base Case 2 condition was judged to be uncomfortably bright by a higher-than-expected number of people. This question also showed a significant difference between the two groups. Similarly, Base Case 2 was also more likely to be judged to cause reflections that hindered work and to have light fixtures that are too bright. Conversely, Best Practice 2 showed a lower-than-expected percentage agreement that 'the lighting is poorly distributed here'. Overall it appears that people judged the Best Practice 2 condition to be better than Base Case 2. Interestingly, however, that did not translate into between-group differences on question 10. There were no differences between the groups, nor between either group and the normative sample, on the question of whether the lighting installation was worse, the same, or better than in other places. It could be that the lower illuminance of Best Practice 2 (as opposed to Best Practice 1) made this lighting design equivalent to other places, particularly for people in the group whose personal preferences would be for higher illuminances.
The ANOVA and MANOVA tests for the other measures of perceptions and feelings showed few statistically significant effects, but the few lighting effects are interesting.
The lighting quality scale ratings showed generally good quality but the two lighting designs were not different in their ratings on these scales. For Base Case 2, the mean lighting quality rating was 2.84 (SD 0/0.82); for Best Practice 2, the mean lighting quality rating was 2.83 (SD0/0.77). The respective ratings for Bothersome Glare were: Base Case 2 M 0/1.33 (SD0/1.00), Best Practice 2 M 0/ 0.98 (SD 0/0.96). Thus, in general the lighting in both designs was rated as being of good quality, and glare was not a bothersome problem. However, responses to open-ended questions about the sources of glare revealed that people in the Base Case 2 condition were more likely to say that the lighting was a source of glare or reflections on the computer screen. Thirty-eight per cent (38%) of Base Case 2 participants reported this, versus 16% of Best Practice 2 participants. These percentages confirm the pattern seen in the responses to question 6 of the Office Lighting Survey.
Turning to the analysis of the Preference concept, we see that there was a small, but statistically significant three-way interaction (Wilks' L0/0.91, F(4, 100) 0/2.65, P B/0.05, h 2 partial 0/0.02), which was associated with a significant univariate test for the rating of Comfort (F(4, 100)0/7.88, P B/0.01, h 2 partial 0/ 0.07) (see Figure 12 ). Post hoc tests (see full report 6 ) showed that in the morning, the Base Case 2*Light was rated as more comfortable than the Best Practice 2*Light. The Base Case 2*Light and Best Practice 2*Dark ratings both dropped significantly by the afternoon. Base Case 2*Dark and Best Practice 2*Light stayed the same.
This pattern can be interpreted as indicating that although Base Case 2*Light and Best Practice 2*Dark received higher initial ratings, they could not sustain them over time. The other two conditions received sustained ratings over time, which is a more favourable outcome in view of the main effect of time on this variable, which showed a drop from morning to afternoon (F(1, 103)0/19.85, P B/0.001, h 2 partial 0/0.16). We speculate that the Base Case 2*Light appeared comfortable in the morning because of its overall lightness, but that it dropped in comfort by the afternoon because of its potential for glare problems. Best Practice 2*Dark, by comparison, might be have been rated as comfortable in the morning because of the combination of direct/ indirect lighting and variety in surface luminances, but this degree of variety appears not to have been suitable for sustained work periods (see below, for Performance effects involving this interaction).
For the three mood scales, the only statistically significant result was a small multivariate main effect of Time with significant univariate effects for Pleasure (a drop from a mean (1) 3.88* not been found in previous research. In addition, these participants did not show a drop in Arousal scores in the afternoon, which has been typical in previous research. 4, 18 For the measures of satisfaction and wellbeing, there were no statistically significant effects of lighting condition or panel reflectance. Overall, most participants were satisfied with the environment: Average Environmental Satisfaction was 2.75 (SD 0/0.67), and the median was 3. For Performance Satisfaction, the overall mean was 2.86 (SD 0/0.64). Selfrated productivity had an overall mean of 0.47 (SD 0/1.64), indicating than on average the participants believed that the environment improved their ability to work a small amount relative to most places where they usually worked. Although there were no effects of lighting design, both visual and physical discomfort got worse over the course of the Note *P5/0.05; **P5/0.01; ***P5/0.001. Lighting quality and office work 213 day, as they had in Experiment 1 and previous research. 29 The scores always remained low in relation to the possible scale maxima, indicating that in absolute terms people were never very uncomfortable.
The results for the various measurements of Perceptions and Feelings may be summarized thus:
. Appraisals of the lighting differentiated between the lighting designs. . The experiment was sensitive to known effects of fatigue. . Lighting and interior design choices interact in influencing room appearance.
Performance
As in Experiment 1, we observed the expected effects of changing the visual demands of the task (contrast levels for the timed vision test and source print size for the typing task) and practice (improvements in performance from the first to last session on cognitive tasks, the timed vision test, and typing). These effects generally replicated the non-lighting effects seen in Experiment 1 and will not be discussed further here. Consult the full report for the detailed results. 6 Dependent variables (DVs) that in Experiment 1 showed effects involving individual control but not lighting design (motivation and vigilance) also did not show lighting design effects in Experiment 2. Cognitive performance showed a few statistically significant tests, all interactions, either of lighting design and reflectance, lighting design and time, or reflectance and time. We will focus this discussion on the most interesting effects, which are interactions of lighting design and partition reflectance.
The typing task showed two interesting interactions involving the comparison between Base Case 2 and Best Practice 2, one involving partition reflectance and the other involving time. Table 11 summarizes the interaction of Base Case 2 versus Best Practice 2 by Reflectance. The post hoc tests revealed that for Base Case 2, there was no difference between performance with light and dark partitions; whereas, for Best Practice 2, performance was better with light partitions than dark ones. Interestingly, with light partitions, performance was better under Best Practice 2, but there was no difference between the lighting conditions when the partitions were dark.
The other statistically significant interaction for the typing task was the Base Case 2 versus Best Practice 2 )/Time-Quadratic interaction, summarized in Table 12 . The post hoc tests revealed that there was no quadratic effect for Base Case 2, but there was a large quadratic effect for Best Practice 2. The two groups ended up at the same place, and indeed did not show statistically significant between-groups differences at any session. One interpretation of this pattern might be that learning took place faster for Best Practice 2 so the participants reached a plateau at Session 3 that the others did not reach until Session 4. Although there were no effects of lighting design or reflectance on cognitive judgements, there was a lighting design effect on cognitive performance (speed and accuracy). This was an interaction of Base Case 2 versus Best Practice 2 )/Reflectance)/Time-Quadratic on categorization accuracy (Table 13 ). In general, categorization accuracy increased over time, but for the Best Practice 2*Dark condition there was a marked quadratic effect. Performance in this group dropped from Session 2 to Session 3, and then rebounded in Session 4. Moreover, the post hoc tests revealed that in Session 2, the Best Practice 2*Dark condition did significantly better than the Base Case 2ÁDark, but the reverse was true in Session 3. By Session 4, all groups performed equally well. Only the Best Practice 2*Dark condition showed a post-prandial dip in categorization accuracy. One possible explanation might be that the higher illuminance at Note *P5/0.05; **P5/0.01; ***P5/0.001. Note *P 5/0.05; **P 5/0.01. The scale for the measure of categorization accuracy was the square of the number of correct categorizations, which had a possible range from 0 to 36.
the occupant's eye in the other three conditions might have increased arousal sufficiently to overcome a post-lunch tendency to perform less well; without a direct measurement of physiological arousal, this remains a speculation for future research to test.
. Visibility and practice fatigue effects were found as expected. . Systems with an indirect component interact with partition reflectance to influence task performance.
Discussion*Experiment 2
Experiment 2 was a true replication and extension of Experiment 1. Participants demonstrated the ability to discriminate between the lighting designs, and showed most of the same patterns as in Experiment 1 of practice, fatigue, and changes in task visibility.
The lighting designs in Experiment 2 were chosen to contrast a lighting design that caused computer glare problems with one that did not. As expected, the Office Lighting
Survey and the open-ended responses from the NRC Lighting Quality questionnaire both showed that the Base Case 2 condition was perceived as causing more glare than the Best Practice 2, which would be expected for a recessed prismatic luminaire installation. The Office Lighting Survey results furthermore indicated that overall the Best Practice 2 installation was perceived as better than the Base Case 2.
The present experiment had more statistical power than most previous experiments because of its larger sample size, and also differed from the others in including the partition reflectance variable and repeated measurements over an entire working day, which allowed interactions to be revealed. The two-way interaction effect on typing performance showed a fairly clear benefit for Best Practice 2 with light partitions, rather than dark. The interaction effect with time on the categorization accuracy further suggested that the Best Practice 2 with dark partitions could create undesirable conditions at least some of the time.
General discussion
These two experiments were undertaken to determine to what extent different levels of lighting quality*validated by independent lighting designers*might affect the health, well-being and task performance of office workers. They were designed to build upon the foundations of our separate laboratories' prior research, 4, 10, 18, 30 but differed in having a greater degree of realism: Variations in lighting quality were created by using commonly available lighting equipment in designs that strove to be typical, installed in a commercial office space. The office workers who experienced the lighting conditions were temporary office workers, with no expert knowledge of lighting.
The results are both interesting and disappointing, and generally agree with the previous research. Lighting design, within this range of variations on current office lighting installations, did not have the simple, direct effects on performance or well-being that many researchers have sought. 32 Á 34 However, there were several interaction effects that reveal more subtle, longer-term effects that are worthy of further research attention, and clear evidence that participants discriminated between the lighting conditions.
The discrimination between lighting conditions can provide guidance for lighting design choices. Although both Base Case 1 and Base Case 2, both fully direct lighting systems, were considered comfortable by approximately 70% of participants, it is possible to satisfy more of the people. The suspended direct/indirect Best Practice 1 and Best Practice 2 lighting designs were rated as comfortable by 85% and 81%, respectively. Dimming Control, also a suspended direct/indirect lighting system, was considered comfortable by 91%. Present-day lighting practice might satisfy many, but adopting suspended direct/indirect systems and giving individuals control over their workstation lighting will likely widen the pool of satisfied occupants.
These experiments did reveal interactions of lighting design with time, room surface reflectance, and task characteristics. The participants' different perceptions of the lighting designs made very little immediate difference to their performance of the tasks. Traditional visibility models would predict this, 2 given that all of the lighting conditions created adequate visibility of the tasks and that all of the tasks were sensitive to changes in visual demands. The interactions with time suggest the possibility of effects emerging following longer periods of exposure to a given lighting design, or in combination with other features of the work environment.
The interaction effects suggested that there might be small benefits to a direct/indirect lighting system, depending on the illuminance, the partition reflectance, and the task. At the illuminance said to be typical of current practice (Best Practice 2), the best outcomes for the Best Practice 2 lighting mostly occurred for people in cubicles with light-coloured partitions. This finding makes sense in relation to the physical properties of direct/indirect systems and to the perception of them, 35 but the interaction with room surface properties merits further attention, with extension to a broader range of reflectances.
The pattern of effects in Experiment 1 suggests that individual control over lighting can help to overcome reductions in motivation and attention that develop over the course of a working day. Other research has not found such an effect for lighting controls, 30, 31, 36 but did not involve the same array of non-lighting variables for interactions. Other investigations have found that individual control over lighting leads to improved mood and satisfaction by allowing individuals to attain their preferred luminous conditions. 13, 31 Two separate papers will address this aspect of the present experiments, one describing direct tests of the linked mechanisms map 37 and one concerning the use of the individual controls and the associated lighting conditions. 38 The results of these experiments have serious implications for future studies of the effects of lighting quality on the performance of office work. Successive investigations have examined the question with progressively more realistic experimental settings and with a variety of common, carefully-designed lighting installations, but have found few simple effects of lighting design. There is little point in further direct replications of this kind. If any such effects exist, they are small, which means that a deliberate effort would be required to improve the ability to detect small effect sizes.
Whether spending more and more resources to detect smaller and smaller effects is worthwhile is a question that needs to be carefully considered by all involved, particularly when there is an alternative approach: Move the effort into the field. The results of such investigations would have a higher level of realism than is possible in a simulation experiment, which cannot fully recreate the context of a functioning workplace. Effects involving visibility occur regardless of context, but mood and motivation effects are contextdependent. Studying these latter effects requires real people in real organizations.
Field investigation would also allow the accumulation of results over an extended period of time. Lighting conditions that can be ignored for one day might become more important when one is exposed to them for many days and months. Conversely, it may be that lighting conditions that are seen as better on first acquaintance become the norm over many months and so reduce in effect. Given the results of the present study, it would be interesting to determine whether working under well-designed lighting (particularly with some degree of individual control) could offset the ill effects of high job demands over the long run.
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Finally, field research into lighting effects on people at work would allow for the possibility of measuring the effects of lighting conditions on aspects of performance and behaviour at an organizational level rather than an individual level. For instance, absenteeism, recruitment, and staff retention are important considerations to organizations. Although we know of no targeted research into lighting's effect on organizational productivity, there are other investigations that suggest that physical environmental conditions influence important organizational outcomes. Several investigations have found that satisfaction with the physical environment predicts job satisfaction and/or organizational commitment. 39 Á 41 It is logical to expect that any design choice, including lighting, that can improve environmental satisfaction should also lead to beneficial outcomes on these variables. Carefully-designed field investigations, over long periods and with large samples, could provide the evidence that many have long lusted after, that lighting quality contributes to organizational productivity. The human response to a particular visual environment depends on a multitude of complex physical, psychological and sociological interactions. It is perhaps unsurprising, therefore, that no simple relationships between lighting quality and task performance or well-being were found in this research despite the increased levels of realism in the experimental office scenarios. That the subjects in the experiments were able to discriminate between lighting installations and that the direct/indirect lighting systems were generally perceived as providing more comfortable environments, however, suggests that current trends and guidance in this respect are valid.
Discussion
These experiments have produced some interesting and encouraging results most notably the effect of individual control on motivation over time and the interaction effects of indirect lighting components with partition reflectance and their influence on task performance. Whilst it would be interesting to see whether these effects could be replicated in similar experiments, I agree with the authors that further research should ideally be undertaken 'in the field' and studies conducted for significantly longer periods of time. The advantages of such studies would be that the increased time and real-life scenarios would enable any effects of lighting quality on performance to mature. The studies should be long enough for the novelty of any lighting installation to wear off (ie, for any effects to stabilize) and also allow for any group effects to develop (such as an increase in team morale caused by the effect of the lighting on each individual's mood). I would be interested if the authors agree that these group effects may be relevant.
Studies into the effect of lighting quality on organisational productivity would be of significant interest to lighting designers particularly if any productivity gains discovered were subject to some form of cost-benefit analysis. Research such as this would assist lighting designers in persuading clients to invest in quality office lighting installations rather than accept the lowest common denominator which can occur when clients struggle to see the additional value of any increased expenditure on lighting over and above that required to meet minimum standards. Over the last decade or so I have followed the research of the lighting group at the NRC and have become used to a quality of research design and result assessment of the highest order. But like many researchers the authors have shown a reticence to suggest how their results might progress the development of their subject, in this case office lighting design. In this study the team has been expanded to include other experienced researchers as well as input from lighting designers to assist with the selection of experiment conditions. Once again the research approach is impeccable, though not always easy to follow through a complicated presentation of the data, but unfortunately the outcome is disappointing in that the results do little more than confirm current practice regarding task illumination and discomfort glare. What the study does not do is to further our understanding of the office workers' requirement for lighting appearance or lighting controls. Also on whether these aspects of design could have any bearing on energy use. I fear that the problem was that the installations were too similar to one another and to current practice. It is only the installation with the lighting equipment physically related to each workstation and with dimming control that provided noticeably different results from those of the ceiling mounted regular arrays of luminaires.
In Table 4 the results for the installations with Switch Control and Dimming Control show ranges of user selected illuminance for four measurement positions and in some cases the range is as much as 4:1. This is important and it would be helpful to know more about these results and with at least the mean and standard deviation values. It would also be helpful to know what the implications for these differences were on the energy use, and how these relate to the energy use for the other installations.
In recent times a number of researchers have reported that when users are given a choice over their task illuminance they select different conditions. This suggests that people are not all the same and possibly will select different values at different times. If this is the case, and the average selected illuminance is lower than that normally recommended, then there will be benefits in terms of energy use as well Lighting quality and office work 221 as any benefit in user motivation. If this is the case it will mean that the lighting profession will have to provide installations that are much more flexible and that relate to individual workstations, and that can be adjusted to suit the individual occupier. It will also mean that such installations will need to work in total ie, for all the occupiers, as well as individuals. Further energy savings could be possible with this approach because it should be easier to switch lights off at a workstation that is not occupied without it appearing visually unacceptable.
The authors of this research hint at disappointment and suggest that their results have serious implications for future studies of this type. I do not agree. What is needed is a study that compares human performance, in the widest sense, and energy consumption for an open plan office and for two different lighting approaches. Measurements made over a longer period of time and 12 months would be useful. The lighting should compare a conventional low glare ceiling installation providing 500 lux task illuminance with an installation that provides equal comfort but allows user choice in terms of task illuminance and that has a lit appearance that is attractive in terms of the application and the architecture. I know this will not be easy to engineer but in my view it is what needs to be done if office lighting is to move forward.
Author's response to D Moore and DL Loe PR Boyce, JA Veitch, GR Newsham, CC Jones, J Heerwagen, M Myer and CM Hunter First of all, we would like to thank both discussants for their interesting comments, but before addressing them we would like to clarify an apparent misunderstanding. This work was undertaken as a cooperative enterprise between the Lighting Research Center of Rensselaer Polytechnic Institute and the Institute of Research in Construction of the National Research Council Canada, funded through the Light Right Consortium. Members of all three organizations made valuable contributions to the study.
Turning now to the specific comments, both discussants suggest the need for future studies of office work under different lighting conditions to be conducted in the field, over longer time periods. We agree, because what the present field simulation study has shown is that while people have a clear preference for better quality lighting, and know it when they see it, the provision of that quality has very little effect on their performance of office tasks. Rather, office task performance is governed by the stimuli provided to the visual system, quantified as target size and luminance contrast. Another way of thinking about this result is to say that what laboratory and field experiments of task performance measure is what people can do. However, those aspects of lighting quality that do not affect the visibility of the task may alter what people choose to do, and what people choose to do is determined by the context in which they exist. In an experimental setting, people typically have little choice over what they do, and are likely motivated to perform close to their own maximum potential, which can be sustained over relatively short time periods. This suggests that if we wish to explore the impact of lighting quality on office work, over and above any effect on task visibility, we need to have a realistic context ie, a regular office staffed by office workers doing real jobs, whose behaviour is measured over an extended period. Such a study could, with some ingenuity and cooperation, allow the measurement of both individual and group performance, as well as behaviours of consequence to business efficiency, such as the cost of recruitment and retention of staff. The philosophy that aspects of lighting quality beyond visibility operate through behavioural choice implies that the quest for the benefits of lighting quality is more likely to be successful if it is pursued in the field. Several of the authors are pursuing such field studies.
Mr Moore suggests specifically that improved mood at the individual level might benefit team morale. We agree that this is an interesting potential mechanism, which fits into the general category of pro-social behaviour. In fact, in a paper still under development (reference 37), we combine data from this study with data from a similar laboratory experiment (reference 31) to test the linked mechanisms map, and to explore the relationship between satisfaction with lighting conditions and (among other things) aspects of prosocial behaviour.
Mr Loe also raises a number of issues about the ways in which the lighting installations with different types of individual control were used. There was no room in this paper to discuss these matters, although they are presented in the full report of the study (reference 6). However, help is at hand. A paper has been prepared that discusses the energy implications of the observed switching and dimming behaviours in this and other studies. This paper has been submitted for publication (reference 38). However, it is worth noting that Mr Loe's suggestions are supported by previous work published by the authors (references 13, 30); these publications also associate dimming control with benefits to occupants. We agree that individual dimming control in a real setting could garner further energy savings by providing occupants with the ability to switch lights off when they leave the space. Still further energy savings could be realized through manual daylight harvesting (see: Moore T, Carter DJ, Slater AI. A field study of occupant controlled lighting in offices. Lighting Res. Technol., 2002; 34: 191Á206).
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